Introduction
One of the drawback of natural fibre is their hydrophilic nature due to the presence of hydroxyl (OH) groups throughout its structure especially for cellulose and hemicellulose portions [1] . When natural fibre is exposed to high humidity environment, these hydroxyl groups attract and hold water molecules by chemical bond that is called hydrogen bonding. Details about these circumstances are discussed in detail in our recent study [2] . These are the main reasons why biocomposite products have very limited in outdoor applications. Thus, this study focused on physical modification on fibre through vacuum resin impregnation process. The principle idea behind this process is to impregnate the fibre lumen and to enclose the fibre surface with thermoset resin in order to prevent water penetration into the fibre before being used for composite reinforcement. Since our recent study [2] has found that impregnation time did not give much significant improvement in physical and tensile properties of sugar palm fibres, hence, the aim of this study is to understand the effect of impregnation pressure on physical and tensile properties of sugar palm fibres, which might contribute significantly effect to the fibre properties.
Materials and Method
Since this study was a continuation from our previous study [2] , hence, similar materials and method was used with different variable of impregnation pressure instead of impregnation time. The sugar palm fibres were impregnated with different pressures of 1000, 900, 800, 700, 600 and 500 mmHg (133.32, 119.99, 106.66, 93.33, 79.99 and 66.66 kPa) at constant impregnation time of 5 min. Surface morphological of fibres were observed using optical microscope model Lieca MS 5 with constant magnification of 400.
Results and Discussion
Physical Properties of Impregnated Fibre. The resin absorption (RA) of control and impregnated palm fibres at various impregnation pressures are shown in Table 1 . Significant increase in RA was observed when the fibre was impregnated with polymer resin. The increase of RA was found much higher at PF-impregnated fibre as the impregnation pressure increased where the highest RA found at 500 mmHg while 600 mmHg for UP. The higher RA of PF-impregnated fibres was due to low molecular weight of PF that has deposited extensively into fibre lumen compared to UP. Since low molecular weight of polymer has short branching in polymer unit allows the resin to be able to have deep penetration into fibre cell wall. This is an important factor in impregnation of resin because penetration of resin depends on the size of the oligomer or polymer [3] . The effect of impregnation pressure on specific gravity (SG) of fibre is shown in Table 2 . This is further evidence that the fibre was physically impregnated due to increasing SG. The SG of fibre was slightly increasing in fibre when impregnated with PF at 600 and 500 mmHg. However, no significant changes in SG for the fibre impregnated with UP. These results was good since impregnation with UP did not increase in their weight, while only a small increase was found when impregnated with PF (600 and 500 mmHg). The significant increase in SG of PF-impregnated fibres (at 600 and 500 mmHg) was expected because it absorbed more resin as reported in RA, this can be explained through its low molecular weight resin of PF. According to Stamm and Seborg [4] , the molecular size of the resin must be sufficiently small to allow the penetration of the cell wall, requiring that the resin to be unpolymerized or only slightly polymerized. The results of moisture content (MC) of control and impregnated fibres at various impregnation pressures are shown in Table 3 . Significant improvement in physical properties was observed due to reduction of MC after being impregnated with polymer resin. The MC was found to be reduced after impregnated at the pressure of 800 mmHg for both resin types (0.41-0.46 % for PF; 0.44-0.53 % for UP) while no reduction was noticed when pressure was increased (700-500 mmHg). The higher MC of control specimen (8.19 %) was caused by absorption of moisture into fibre cell wall. It was due to its natural structure of open hollow called lumen and hydrophilic nature of natural fibre. When natural fibres are exposed to high humidity environment, the first water molecules are
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Composite Science and Technology absorbed directly onto hydrophilic groups of the fibre material and then, the other water molecules are attracted either to other hydrophilic groups or they may form further layers on top of the water molecules already absorbed [5] [6] . According to Chen [7] , at high humidity levels, liquid water may be held by the forces of surface tension in capillary spaces available in the material. Thus, this study has successfully proven that the penetration of water molecules were inhibited by enclosing the fibre with hydrophobic materials such as polymer resin through fibre-resin impregnation process. When the impregnated fibre was cured in the oven, the fibre became moisture resistant since it was enclosed with cured resin and inhibited moisture absorption. It can be seen in Table 3 that MC of fibre impregnated with PF and UP resin was reduced considerably. Further evidence of improvement in physical properties is shown in Table 4 where significant reduction of water absorption (WA) was observed. The WA was reduced when the resin was impregnated at pressures of 500 and 600 mmHg for PF and UP respectively. Similar to the reduction of MC, the resin acts effectively in reducing MC in humid environment, it also reduced WA during water immersion (24 h). The resin was deposited extensively into fibre cell wall and also enclosed the hydrophilic fibre which caused the fibre to become highly water resistant. It can be understood by observing Fig. 1-7 where the fibres were enclosed with the resin after being impregnated. The surface of control and UP-impregnated fibres were significantly different. Fig 1 shows clearly that their natural surface of control specimen where different from Fig. 2-7 where the impregnated fibres were enclosed with UP resin. It also can be observed that the fibre impregnated with 500 mmHg (Fig. 7) of impregnation pressure was fully enclosed with resin while fibre impregnated at 1000 mmHg (Fig. 2) seemed to be partially enclosed. This might answer the reason of different physical properties of impregnated fibres where increased in RA and SG while decreased MC and WA as the impregnation pressure was increased from 1000 to 500 mmHg. Tensile Properties of Impregnated Fibre. Fig. 8 shows tensile stress strain behavior of control and impregnated fibres at various impregnation pressures. It showed that the behavior of fibre was obviously changed after impregnation pressure was increased. It was clearly observed in Fig. 8 that the tensile strength and modulus of impregnated fibres (PF and UP) increased while the elongation at break decreased. It is shown in Table 5 that tensile strength of PF and UP-impregnated fibres significantly increased as the impregnation pressure was increased where the improvement is more pronounced in UP-impregnated fibres. The highest tensile strength of PF and UP-impregnated fibres was found at impregnation pressure of 500 mmHg and 600 mmHg, respectively. The increase of tensile strength showed that the resin that was impregnated in the fibre cell wall did not only acts to improve physical properties but at the same time had increased the strength of the fibre. Similar to tensile strength, the resin that was locked in the fibre caused the fibre became rigid and stiffer where approaching the behavior of brittle nature PF and UP resin. It is shown in Table 5 that the increase of tensile modulus showing the impregnated fibre became brittle. Different trend obtained in tensile strength, the PF-impregnated fibres had significantly higher tensile modulus than UPimpregnated fibres which both impregnated fibres had reached maximum at 600 mmHg as shown in Table 5 . As been observed in Fig. 8 , the elongation at break for both impregnated fibres decreases where PF was found to be much lower compared to that of UP. The maximum decrease of elongation at break of PF and UP-impregnated fibres was found at 500 and 600 mmHg, respectively. It is clearly that the more resin absorbed, the behavior of thermoset resin (PF and UP)
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Composite Science and Technology was more influence in the fibre which is brittle and having low elongation at break compared to control specimen (24 %) [8] [9] . In general, it can be said that fibre-resin impregnation with thermosetting polymer improves mechanical properties of sugar palm fibre. Similar finding was reported by many researchers where resin impregnation has improved the mechanical properties of several lignocellulosic materials [10] [11] [12] . Based on stress-strain graph theory, the area covered under stress strain curve represents as material toughness which indicates total energy that material can absorb before rupturing. A material is said to be strong and tough if it ruptures at high stress and exhibiting high strain values. While for material of low in toughness, it may be strong (has high ultimate stress) but having low strain values (usually happen at brittle materials). Thus, a high stress and strain values will result to high toughness and it is desirable properties of fibre to be produced for composite reinforcement. This is an important factor for engineers in selection, modification or designing a new type of material in order to ensure that the material is strong and tough. In other word, it is good to have materials with high modulus which can resist deformation, but in the real situation, it is a lot better for a materials to bend than to break, and if bending, stretching or deforming in some way prevents the materials from breaking [13] [14] . Thus, it is an important criterion to not only produce a high modulus and strength of fibre but to consider the fibre should be strong and tough.
This is an important issue should be discussed in this study since the impregnated fibres increased stress values but indicating significant decreased elongation at break which may result to reduce the fibre toughness. Based on stress-strain graph theory, it can be observed that the PFimpregnated fibres showed significant drop in toughness especially at the fibre impregnated at high pressure (600 and 500 mmHg) as shown in Fig. 8 . For the fibre impregnated with UP, it was observed that tensile strength increased where slightly decreased elongation at break. Based on the area covered under stress strain curve, the toughness of UP-impregnated fibres were still reliable and higher than control specimen while PF-impregnated fibres showed the lowest. Furthermore, by using PF resin as impregnation agent has increased tensile modulus which represent the increment in brittleness of fibre compared to UP as shown in Table 5 . In fact, it is good to have a material with good toughness rather than to produce a brittle materials especially for material used in structural applications. Then, by considering their final weight which contribute to its end products (composite), the PF-impregnated fibres showed significant increase in SG where increased their weight as a result of higher RA. As it was mentioned earlier, through impregnation with UP did not increase the SG (weight). Also considering on human safety and environment, it is well known that the formaldehyde reaction of PF will cause deadly effect to human health and environment.
Statistically considering the results obtained in both physical and mechanical properties and taking into concern about human and environmental friendly; it is worth noting that in order to improve physical and tensile properties of sugar palm fibre, the fibre is proposed to be impregnated with UP resin with impregnation pressure of 600 mmHg for 5 min.
Summary
Physical and tensile properties of control and impregnated sugar palm fibre with PF and UP at various impregnation pressures (1000, 900, 800, 700, 600 and 500 mmHg) were studied. Significant improvement (p≤0.05) in physical (RA, SG, MC and WA) and tensile properties were observed after impregnation pressure was extended from 1000 to 500 mmHg. It was observed that fibre impregnated with thermoset polymer resin (PF and UP) showed notable improvement in physical properties while PF was more superior. However, for mechanical properties, the UP-impregnated fibres exhibited much better tensile performance while PF-impregnated fibres significant drop in toughness. This study concluded that in order to improve physical and tensile properties of sugar palm fibre, the fibre should be impregnated with UP resin with impregnation pressure of 600 mmHg for 5 min. In general, this study has proven that fibre-resin impregnation with thermoset polymer has great potential for properties enhancement of natural fibres.
